Introduction
osteoarthritis (oA) is associated with an age-related imbalance between degradation and repair of articular cartilage. [1] [2] [3] This dysregulation induces senescence, differentiation, proliferation, and death of joint cells through gene and/or protein expression networks that switch from anabolic to catabolic outcomes. 4 microribonucleic acid (mirNA) is essential for the maintenance of cellular functions through fine-tuning the expressions of multiple target genes. 5 both upregulation and downregulation of mirNAs have been associated with oA, [6] [7] [8] and targeting these changes may have future clinical benefit. Alternatively, mirNA levels might also be used as biomarkers. 9 Currently, oA is diagnosed pathologically, clinically, or radiologically, where it is graded on a five-level scale of joint space narrowing, sclerosis of the subchondral bone, and osteophyte and subchondral cyst formation. 10, 11 Due to a lack of early-stage diagnostic markers, delayed diagnosis of oA is common, which could affect the potential for preventing further disease progression. Therefore, finding a reliable and standardised diagnostic tool could increase the quality of life and treatment for patients with oA. Although systemic 'metabolomic' biomarkers of oA have already been identified in the urine and serum, 12, 13 the metabolite concentrations could be significantly altered in any joint in which there is difficulty in diagnosing oA. measuring biomarkers in tissue fluids, such as synovial fluid (SF) of the knee, could provide more information about the condition of the diseased joint. They would be in higher concentrations than in blood or urine, giving a higher sensitivity and specificity. 14, 15 In addition, oA-specific biomarkers are likely to be detected earlier in SF samples compared with blood samples. 16 In addition, as oA is defined as the degradation of cartilage and joint tissue, SF has real potential for further study because it is in direct contact with cartilage.
microrNA-140 (mir-140) is strongly expressed in the cartilage of developing zebrafish, medaka, and mice. [17] [18] [19] miyaki et al 20 found that mir-140 -/ -mice showed agerelated oA-like changes characterised by proteoglycan loss and fibrillation of articular cartilage, and by 12 months, mir-140 -/ -mice showed severe structural cartilage defects. They also showed that transgenic mice overexpressing mir-140 in cartilage were resistant to antigen-induced arthritis. 20 This study demonstrated that mir-140 is a regulator of cartilage homeostasis, and changes in its expression and functions play an important role in diseases associated with cartilage destruction. Nakamura et al 21 found that mir-140 was located in one intron of the WW domain containing the e3 ubiquitin-protein ligase 2 (WWP2) gene. Analysis of the intronic sequence has revealed that there are two mir-140 variants: mir-140-3p and mir-140-5p. Although both mir-140-3p and mir-140-5p are transcribed from the same precursor transcript pre-mir-140, they have different seed sequences, and are predicted to target different genes. 22 While mir-140-5p was shown to target several genes involved in oA, such as histone deacetylase 4 (HADC4), 19 insulin-like growth factor-binding protein 5 (IGFbP5), 23 and bone morphogenetic protein 2 (bmP2), 24 mir-140-3p has been reported to target dynamin 1, which plays a role in the central nervous system, 25 and the nuclear factor kappa b (NF-κb), which is a co-activator nuclear receptorinteracting protein. 26 However, recent studies have shown that the expression levels of both mir-140-3p and mir-140-5p are markedly and significantly reduced in oA chondrocytes. 22 In chondrogenically differentiated mesenchymal stem cells and uncultured articular chondrocytes, mir-140-3p and mir-140-5p were both highly expressed. 27 These findings suggest that mir-140-3p and mir-140-5p are both essential for chondrogenesis and cartilage homeostasis, but whether mir-140-3p and mir-140-5p are expressed in the SF of knee oA remains unclear. We investigated the expression profile of both mir-140-3p and mir-140-5p in the SF from patients with various stages of primary knee oA. The aim of the study was to assess whether the SF levels of mir-140-3p and mir-140-5p correlated with the severity of the disease.
Materials and Methods
Research subjects. Informed consent was obtained from 75 patients (45 with oA, ten with gouty arthritis (GA), ten with rheumatoid arthritis (rA), and ten healthy volunteers). All primary oA patients met the American College of rheumatology clinical symptomatic and radiographical criteria for oA. 28 All of the rA patients were diagnosed based on the American rheumatism Association (ArA) 1987 revised criteria. 29 All of the GA patients met the 1977 preliminary ArA classification criteria for gout. 30 All of the patients underwent weight-bearing anteroposterior radiographs to assess the structural changes of the diseased knee. Kellgren-lawrence grading (KlG) 31 was used to assess the radiological severity of the knee joint and were stratified into mild (< 2), moderate (= 2), or severe (> 2). Patients were excluded if they had secondary post-traumatic oA, systemic inflammatory or autoimmune disorders, previous knee injury or joint infection, or a history of corticosteroid medication. synovial fluid collection. SF samples were obtained from the diseased knee of patients via non-lavage arthrocentesis under sterile conditions. once SF samples had been collected, they were transported immediately to the laboratory on ice and were centrifuged at 3000 × g for 15 minutes at 4°C. The supernatant was then stored in liquid nitrogen. RNA extraction. 300 μl aliquots of the SF sample were thawed on ice and 1.2 ml TrIzol (Invitrogen, Carlsbad, California) was added. 200 μl of chloroform was added to the SF, which was shaken vigorously for 20 seconds. The aliquot was incubated at room temperature for three minutes for the complete dissociation of nucleoprotein complexes and centrifuged at 10 000 × g for 15 minutes at room temperature. The aqueous phase, excluding the interphase, was transferred to a fresh tube and 10 μl of silicon dioxide (Sio2) adsorption liquid was added, mixed and centrifuged at 8000 × g for one minute. The supernatant was discarded and replaced with 400 μl 75% ethanol, followed by centrifugation at 8000 × g for one minute. The rNA pellet was air-dried for 15 minutes and dissolved in 30 μl rNase-free water at 55°C to 60°C for ten minutes. The rNA was stored at -80°C.
Reverse transcription and quantitation of miRNA real-time polymerase chain reaction (PCR). The stem-loop method to target specific stem-loop reverse transcription primers that bind the three-inch portion of mirNA molecules and moloney murine leukaemia virus (m-mlv) reverse transcriptase were used for complementary DNA (cDNA) synthesis by using reverse transcription. employing SYbr Green qPCr Supermix (Invitrogen), real-time PCr was carried out on an Applied biosystems 7300 real-time PCr System (Applied biosystems, Tokyo, Japan). The expression of mir-140-3p and mir-140-5p was normalised to U6 internal control using the 2 -ΔΔCT method. 32 The sequences of the primers for mir-140-3p, mir-140-5p, and U6 small nuclear rNA (snrNA) used in this study are shown in Table I .
All procedures performed in this study were approved by the medical ethics committee of Shenzhen 8th People's Hospital (Grant number: 20130201), and the consent to participate followed the ethical standards of the Chinese Institutional and National research Committee, and the 1964 Helsinki Declaration and its later amendments. Informed consent was obtained from all participants included in the study. statistical analysis. Data are presented as the mean, standard deviation (sd), and range. All data were processed using SPSS software, version 13.0 (SPSS Inc., Chicago, Illinois). The Kolmogorov-Smirnov normality test (K-S test) was used to analyse the expression values of mir-140-3p and mir-140-5p. log transformation was used for parametric analysis if the expression values did not show a normal distribution. Homogeneity of variance was analysed using the levene test. 33 Intra-group comparisons were carried out by using one-way analysis of variance (ANovA) or multiple comparison tests (least significant difference) for homogeneous data, while Tamhane's T2 test was applied if the data were heterogeneous. Correlations between mir-140-3p or mir-140-5p expression and oA severity were estimated using Spearman's correlation. The Pearson correlation was used to examine the relationships between expression of mir-140-3p or mir-140-5p and age in varying severity of oA. A p-value of < 0.05 was considered statistically significant.
Results
General characteristics of the subjects. Ten SF samples were collected from each of the GA and rA patients, as well as the healthy volunteers. A total of 45 SF samples from oA patients were collected, of which 15 samples were from groups of differing severity of oA (mild, moderate and severe). The age, height, body weight, and body mass index (bmI) of subjects in each group, as well as the number of patients in each group, are shown in Table II . one-way ANovA showed that there were no miR-140-3p/miR-140-5p expression in the sF of each group. The expression of mir-140-3p/mir-140-5p was detected in the SF from all patients, and K-S tests showed that the relative expression quantity 2 -ΔΔCT of mir-140-3p/ mir-140-5p in the SF from each group was normally distributed. The levene method showed that the variance of mir-140-3p/mir-140-5p expression in each group was not homogeneous (Tables III and Iv) . The result from Tamhane's T2 test showed that there was significant statistical difference in the expression of mir-140-3p or mir-140-5p between the SF from oA and non-oA groups, while there was no difference among the GA, rA, and normal control groups (Table III) . The non-oA groups and normal control group, respectively, showed a 9.6-fold and 11.4-fold greater expression of mir-140-3p and a 7.9-fold and 9.4-fold greater expression of mir-140-5p than oA groups. Increased oA severity was associated with a decreased expression of mir-140-3p/mir-140-5p. Spearman rank correlation analysis was performed to study the correlation of mir-140-3p/mir-140-5p expression among the normal control group, mild oA group, moderate oA group and severe The rank correlation coefficient of mir-140-3p was r = -0.87 (p = 0.001), and the rank correlation coefficient of mir-140-5p was r = -0.899 (p = 0.001). With α = 0.05 as the level of significance, the expression of mir-140-3p/mir-140-5p was negatively correlated with severity of oA.
Correlation analysis of the expression of miR-140-3p/miR-140-5p and age. Scatter diagrams (Fig. 1) were drawn to illustrate the relative expression of mir-140-3p/mir-140-5p and age in the normal control, mild, moderate, and severe oA groups. As shown in the scatter diagrams, there were no significant linear correlations between age and the expression of mir-140-3p/mir-140-5p in SF. Pearson correlation analysis was further performed to investigate the correlation between mir-140-3p/mir-140-5p expression and age in the normal controls, mild, moderate, and severe oA. The results from Pearson correlation analysis showed that the Pearson correlation coefficient between mir-140-3p and age was r = -0.144 (p = 0.293), and that of mir-140-5p and age was r = -0.214 (p = 0.116), indicating that there was no linear correlation between age and the expression of mir-140-3p/mir-140-5p in SF.
Correlation analysis of the expression of miR-140-3p/miR-140-5p in each group. Analysis of the intra-group relative expression of mir-140-3p/mir-140-5p showed that there was statistical difference in the expression of mir-140-3p/ mir-140-5p in SF from the same group (Table Iv) , and *Significant difference in the marked group compared with the control, GA, rA, and severe oA groups † Significant difference in the marked group compared with the control, GA, rA, and severe oA groups, p < 0.05 ‡ Significant difference in the marked group compared with the other groups ΔCT 3p = (CT mir-140-3p -CT U6 ), ΔCT 5p = (CT mir-140-5p -CT U6 ), ΔΔCT = [(CT mir-140-5p -CT U6 ) -(CT mir-140-3p -CT U6 )]], 2 -ΔΔCT = log transformed ΔΔCT, the fold change in mir-140-5p expression normalised to U6 and relative to mr-140-3p CT, threshold cycle; GA, arthritis due to gout; rA, rheumatoid arthritis; oA, osteoarthritis the expression of mir-140-5p was 7.4 times higher than that of mir-140-3p across all groups. one-way ANovA showed that the fold change of mir-140-3p/mir-140-5p expression across groups was not statistically significant (f = 1.23, p = 0.305).
Discussion
oA is the most common form of arthritis that affects the elderly, and is the leading cause of disability in terms of its considerable impact on public health and society. 34 The risk factors of oA have been extensively studied and age is one of the major factors for oA in most joints, 35 as the ageing process renders joints vulnerable and susceptible to disease. 36 Also, there is diminished capacity for cartilage repair with age, and hormonal changes occur along with the cumulative effects of environmental exposure, all of which are possible mechanisms for oA. 37 Age is a strong predictor of oA development, 38 and Pereira et al 39 reported that age was positively associated with the radiological and pain scores; we also found that the severity of knee oA increases with age. However, although relationships between mirNA expression patterns and the ageing process are not fully understood, previous studies have provided evidence that mirNAs are associated with ageing. [40] [41] [42] [43] The mirNA expression was predominantly upregulated rather than downregulated in the livers of mice during ageing and the level of mir-22 was upregulated during cardiac ageing, in both fibroblasts and epithelial cells. 44, 45 mir-140-deficient mice have been shown to exhibit early onset age-related oA like changes when compared with wild-type mice, despite the joint structures appearing to be normal at birth and at one month of age. 20 However, it was uncertain whether the expression of mir-140 in oA SF was determined by age. our study confirms that there was no linear correlation between age and the relative expression of mir-140-3p/mir-140-5p, which is in accordance with the finding of this study that the differences in the expression of mir-140-3p/mir-140-5p across varying degrees of oA severity were not caused by age. During the progress of oA, the associated alterations in the molecular composition and organisation of the cartilage matrix can lead to deterioration in the material properties and structural integrity of the articular surface and underlying hyaline cartilage. 46 As the development of oA continues, there is evidence of increased catabolic activity related to enhanced expressions of degradative proteinase genes, associated with the gradual loss of proteoglycans, followed by type II collagen degradation. 46 Analyses of human oA cartilage have shown increased amounts of a number of proteins indicative of the catabolic state, including matrix metalloproteinase (mmP), the family of a disintegrin and metalloproteinase with thrombospondin motifs (ADAmTS), ADAmTS5, ADAmTS4, and ADAmTS9. 47 mir-140 regulates multiple targets, including mmP-13, 48 ADAmTS5, 20 IGFbP5 23 and aggrecan, suggesting that mir-140 plays an important role in regulating the balance between extracellular matrix formation and degradation. 49 Zhang et al 49 showed that the expression levels of mir-140-3p and mir-140-5p were both markedly and significantly reduced in oA chondrocytes. In our study, the mir-140-3p /mir-140-5p expression in knee SF was found to be significantly different between knee oA patients and healthy volunteers and the expression of mir-140-3p/ mir-140-5p was negatively correlated with severity of oA. In previous studies, mir-140-5p has been proved to regulate several genes associated with cartilage homeostasis. 20, 50, 51 In combination with the downregulation of mir-140-3p in oA SF shown in this study, we infer that mir-140-3p is one of the potential factors related to oA progression.
Tissue mirNAs have been noted not only as key molecules in intracellular regulatory networks for gene expressions, but also as biomarkers for various 
Fig. 1b
Scatter diagrams showing the correlation between the expression of a) mir-140-3p, b) mir-140-5p, and age. They were drawn for the relative expression of mir-140-3p/mir-140-5p and age in the normal controls, mild, moderate and severe osteoarthritis. As shown in the scatter diagram, there was no significant linear correlation between age and the expression of mir-140-3p/ mir-140-5p in synovial fluid. pathological conditions. 52 recent studies suggested that mirNAs in plasma can be biomarkers for the diagnosis of lung, colorectal, and prostate cancer. 53, 54 We have demonstrated the expression profiles of mir-140-3p/mir-140-5p in the SF of the knee with oA, and also found that the expression of mir-140-3p/mir-140-5p in the varying severity of oA SF was distinct from that in non-oA SF. This may reflect the condition of the joint cavity. Using SF mirNAs as biomarkers is a convenient method, and murata et al 9 have demonstrated that mirNAs in SF were as stable as plasma mirNAs at -20°C for up to seven days.
The mirNA-140 gene is located between exons 16 and 17 of the WWP2 gene on murine chromosome eight and in the small arm of chromosome 16 in humans. 55 It was first believed that the regulation of intronic mirNAs followed that of their host genes as they are often coexpressed. 56 However, recent reports showed that some intronic mirNAs have their own promoter and that their expression/regulation differs from that of their host genes. 57, 58 mir-140 may be derived from its own specific transcript during chondrogenesis, although the detailed mechanisms are not fully understood. The difference in the expression levels of WWP2 and mir-140 in oA chondrocytes 23, 59 suggested that, in addition to the WWP2 promoter, this mirNA is also controlled by intronic regulatory sequences. Tardif et al 22 indicated the presence of regulatory elements in the sequence upstream of pre-mir-140 (rsmir-140). The rsmir-140 sequence has several potential binding sites for transcription factors, such as nuclear matrix transcription factor 4 (NmP4), myc-associated zinc (mAZ), nuclear factor of activated T-cells (NFAT), and mothers against decapentaplegic homolog 3 (SmAD3). The binding sites at NFAT3 (activator) and SmAD3 (repressor) directly regulated the mir-140-5p expression independently of WWP2. 22 It may be that the transcription factors which target other binding sites of rsmir-140 cause the discrepancy between the expression of mir-140-3p and mir-140-5p in oA chondrocytes.
We have demonstrated that there was a significant difference in the expression of mir-140-3p/mir-140-5p in the SF of the same group and that the expression of mir-140-5p was 7.4 times higher than that of mir-140-3p. Yamashita et al 60 demonstrated that the proximal upstream region of pri-mir-140 has chondrogenic promoter activity in vivo. Furthermore, a gender-determining region Y-box (SoX) trio response element (l-SoX5/ SoX6/SoX9) and details about the binding site in the promoter region were detected and mir-140 promoter activity was upregulated by the critical transcription factors l-SoX5, SoX6, and SoX9. Further studies are needed to explore the mechanisms responsible for the difference in mir140-3p and mir-140-5p expression in SF. Due to the limitations of our study design, other body fluid samples were not taken and a further study on mir140-3p and mir-140-5p could sample the blood and urine, which would be less invasive than sampling SF. In addition, as only the KlG radiological system has been applied in our study to assess the severity of knee oA, functional criteria have not been considered when classifying patients. other severity scoring systems, such as the Knee injury and osteoarthritis outcome Score (KooS) or the Western ontario & mcmaster Universities osteoarthritis Index (WomAC), could be used to provide objective functional classifications. 61 In conclusion, this study has shown that expression of mir-140-3p/mir-140-5p was downregulated in 45 oA patients compared with 30 non-oA patients, and that the expression of mir-140-3p/mir-140-5p was negatively correlated with severity of oA. These findings should provide important clues to improve the pathological diagnosis and also to guide the clinical management of patients with oA.
